Extracellular vesicles (EVs) are a newly-discovered way by which cells communicate with their neighbors, as well as transporting cargos which once were considered to be limited by membrane barriers, including membrane proteins, cytosolic proteins and RNA. The discovery of platelet-derived EVs (P-EVs), the most abundant EVs in human blood, has been a very tortuous process. At first, P-EVs were identified as nothing but 'platelet dust', and subsequent research did not progress smoothly because of the limited research techniques to study EVs. Following leaps and bounds of technical progress in studying EVs, more and more attractive features of P-EVs were revealed and they began to be further researched. The aim of this review is to present the latest knowledge about the role of P-EVs in tissue repair and tumor progression. The potential mechanism of P-EVs is emphasized. Then the limitations of the present study and future research directions are discussed.
Introduction
Platelets, the anuclear components of blood, play an important role in hemostasis and thrombosis [1] . In classic theories, platelets were regarded simply as fragments of megakaryocytes (MKs) with no synthetic capabilities. After subsequent studies showed that new proteins could be synthesized by platelets [2] , this prejudice disappeared. Extracellular vesicles (EVs) have since been found to play a considerable role in the biological function of activated platelets [3, 4] .
EVs transport cargos, which once were considered to be limited by the membrane barrier, including membrane proteins, cytosolic proteins, messenger RNA (mRNA), microRNA (miRNA), long non-coding RNA (lncRNA), and circular RNA (circRNA) [5] . EVs can regulate signaling pathways via receptor-ligand interactions or content delivery, after attachment to or internalization by recipient cells [6] .
Wolf was the first to observe the 'lipid-rich particles' released from platelets [7] , now known as platelet-derived EVs (P-EVs), and the release of P-EVs from activated platelets was described in more detail by Warren et al. [8] . However, in-depth research was limited for years due to the lack of understanding of EVs. As research progressed, the abundant knowledge reserves and advanced research methods now applicable to EVs are certainly enough to support their further study.
EVs, including exosomes (30-100 nm in diameter) and micro-vesicles (MVs, sometimes called microparticles or ectosomes, 100-1,000 nm in diameter) [6] , exist in almost all biological fluids carrying multifarious molecules such as proteins, lipids, and RNAs either on their surface or within their lumen [9] . They are generated and released from nearly all cell types into the extracellular space [10] . EVs have gained increasing attention for the past
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International Publisher decade as potential biomarkers. The biomolecules carried by EVs, including proteins, nucleic acids and lipids, are reflective of the cell of origin [11] . Although the distinguishing characteristics of EVs in blood still remain unclear, some specific features have been identified, such as prostate-specific antigen on exosomes in urine from patients as markers of prostate cancer-derived EVs [12] , claudin on exosomes in peripheral blood as markers of ovarian cancer [13] , and several potential markers including CD31, CD41, CD42a, CD62p (P-selectin), platelet factor 4 (PF4) and glycoproteins IIb/IIIa (GPIIb/IIIa) as markers of platelet-derived EVs [14] .
Recent studies showed that, in human serum, most EVs are P-EVs, although EVs can also be generated from white blood cells and cancer cells [15] [16] [17] . P-EVs have been found to participate in a variety of important biological and pathological processes via intracellular communication [18, 19] , including clotting [20, 21] , angiogenesis [22, 23] , inflammation [24, 25] , immunoregulation [3] , cellular prion protein transport [26] , and tumor progression [25, 27] .
In this review, the relationship between P-EVs and cancer progression, as well as potential therapeutic approaches related to P-EVs, are addressed.
Extracellular Vesicles
In recent years, there have been a lot of inspiring discoveries involving EVs, revealing them to be a brand new way by which cells communicate with their neighbors [28] . Although there were once some skeptical opinions that EVs might be operator-induced artefacts created during isolation procedures, there is a growing recognition that EVs are derived from cells, rather than being products of human actions during the isolation process, and participate not only in physiology and homeostasis, but also in the pathogenesis of major diseases [25] . EVs are produced, theoretically, by every kind of cell and are present in every kind of body fluid including blood, saliva, urine, cerebrospinal fluid, breast milk and semen [29] .
EVs usually are divided into two classes: exosomes (30-100 nm in diameter) and MVs (100-1,000 nm in diameter) [6] . Exosomes are of endosomal origin and are released during the fusion of multi-vesicular bodies (MVBs) to the plasma membrane, and the traditional model is that this occurs in an endosomal sorting complex required for transport (ESCRT)-dependent manner [30] . The exosomes are formed with the participation of tetraspanins (CD9, CD63), tumor susceptibility gene 101 (TSG101), and programmed cell death 6-interacting protein (PDCD6IP or ALIX) [31, 32] . Consequently, these proteins are usually chosen as specific markers of exosomes. MVs are released by budding from the plasma membrane [33] at specific membrane sites, named 'microdomains' [34] . Thus, the lipid-raft protein, flotillin, is a frequently-used marker of MVs [35] . It is necessary to distinguish EVs from apoptotic bodies (0.8-5.0 μm in diameter), which are shed by apoptotic cells, and are regarded as irrelevant to intercellular communication because they will be eliminated by phagocytes immediately after generation [36] .
Platelet-derived Extracellular Vesicles
The most abundant EVs in human blood are derived from platelets or MKs, accounting for more than half of all EVs in the peripheral blood [37, 38] . With the help of electron microscopy (EM), Wolf initially indicated the presence of membrane fragments or 'lipid-rich particles' derived from activated platelets, which he named 'platelet dust', now recognized as P-EVs, and having procoagulant activity [7] . Based on this milestone in the study of P-EVs, Warren et al. further demonstrated that the P-EVs were released when platelets attached to the vascular wall [8] .
In 1999, Heijnen et al. reported that P-EVs comprised two different types: exosomes (P-Exos) and MVs (P-MVs) [39] . Isolated P-Exos were selectively enriched in tetraspanin CD63, an exosome-specific marker, while annexin-V, factor X and prothrombin were restricted to P-MVs and not P-Exos [39] . Both P-Exos and P-MVs are known to carry and deliver cellular signals, suggesting a potential role in platelet-derived signals [40] . Moreover, P-MVs might play a greater role in procoagulant activity than P-Exos [39] .
Several potential markers have been detected on P-EVs, with expression of CD31, CD41, CD42a, P-selectin, PF4 and GPIIb/IIIa detected besides markers of EVs [14] . A summary of the characteristics of P-EVs is provided in Table 1 . The isolation procedure of P-EVs can be divided into 4 steps [41] :
Step one, platelet-rich plasma (PRP) is extracted from whole blood; Step two, platelets are further isolated from PRP; Step three, platelets are activated to induce the release of EVs;
Step four, EVs are isolated by differential centrifugation.
Platelets: One of the Commanders of Tissue Repair
Therapy using stem cells, including induced pluripotent stem cells (iPSCs), human embryonic stem cells (hESCs), mesenchymal stem cells (MSCs) and adipose stem cells (ADSCs), has been attempted for several years. However, clinical translation of these techniques was impeded due to difficulties such as issues of immune response and tumorigenesis [42] . Recent studies showed that major effects of cell transplantation are credited to the cells' paracrine effects (as a commander, Figure 1B ) [43] rather than directed proliferation and differentiation after site-specific integration (as an executor, Figure 1A ) [44, 45] . Hence, to overcome these drawbacks, the use of EVs, rather than direct use of stem cells or progenitor cells for tissue repair, has attracted increasing attention in recent years [46, 47] .
EVs, especially exosomes, have been extensively studied for their role in stimulating tissue regeneration, in many in vitro and in vivo models, demonstrating that they can confer proangiogenic, proliferative, antiapoptotic and anti-inflammatory actions through transporting RNA and protein cargos [47] [48] [49] [50] [51] .
It is well known that PRP, a concentration of platelets in a small volume of plasma, is widely used to help with tissue repair [52] . However, the understanding of PRP-induced tissue repair is far from complete. With the increased knowledge of cell-derived EVs, the potential of P-EVs has attracted more and more attention ( Figure 1C ). After studies have revealed P-EV-induced activation of intracellular signaling pathways, alteration of vascular reactivity and induction of angiogenesis in cancer metastasis, it is highly likely that P-EVs may not only be involved in tumor progression, but also be useful for developing novel therapeutic strategies targeting angiogenesis for tissue repair [53] . Subsequent research proved that P-EVs indeed boosted angiogenesis to restore endothelial integrity after vascular injury [22] . Further, in cerebral ischemia, Hayon et al. indicated that P-EVs are filled with a variety of growth factors, associated with the Akt and Erk pathways, and are central to angiogenesis and neurogenesis, and demonstrated that P-EVs could trigger neurogenesis and angiogenesis in a stroke model, by augmenting endogenous neural progenitors and stem cells [54] [55] [56] . Then, Torreggiani et al. demonstrated that bone marrow stromal cells (BMSCs), treated with P-EVs with an enriched protein content and non-coding RNAs, showed a significant increase in cell proliferation, migration and osteogenesis [57] . Torreggiani et al. implied that P-EVs might be one of the effectors of the actions of PRP and platelet lysate [57] . Based on these findings, P-EVs were isolated and attempts were made to use them as a therapeutic approach to treat chronic wounds. They showed abilities, similar to PRP, to improve cell proliferation, migration and angiogenesis via phosphoinositide 3-kinase (PI3K)-Akt and mitogen-activated protein kinase (MAPK)-Erk signaling, and cross-talk between transforming growth factor β (TGF-β) and yes-associated protein (YAP), leading to promotion of wound healing [58] . The result of this pre-clinical research is encouraging, because P-EVs might be both part of the mechanism of PRP-induced tissue regeneration and a potential alternative option instead of PRP. Moreover, P-EVs were used, in a pre-clinical study, to delay the disease progression of glucocorticoid-induced osteonecrosis of the femoral head [59] , in which PRP was proven to be an effective approach [60, 61] . Although P-EVs exhibited the capacity to act as an alternative option or even to upgrade production of PRP, much clinical and pre-clinical research is still needed.
Cancer cells: Hijacking the Platelet as a Renegade Commander
Many studies have demonstrated that EVs play important roles in cancer development and progression, and P-EVs have attracted much attention [38] . The complicated relationship between cancer and thrombosis has progressively become established since Armand Trousseau, who first highlighted that thrombophlebitis is a premonitory sign of occult malignancy in 1865 [62] . In the 19 th century, it was established that platelet reduction confers protection against cancer metastasis [63] . Later, the mechanism of tumor cell-platelet interaction, leading to aggregation of platelets, was gradually revealed [64] .
The mechanisms underlying thrombocytosis in cancer and inflammation might be similar. Pro-inflammatory mediators, such as cytokines, increase platelet counts by stimulating MK formation and platelet production, and cancer cells could induce systemic effects such as promoting pro-inflammatory factors [65] . In addition, cancer-secreted PF4 has been demonstrated to expand megakaryopoiesis in the bone marrow, augment platelet accumulation, and then accelerate de novo carcinogenesis [66] . Cancer cells can also regulate platelet activation via the shedding of tumor-derived EVs (T-EVs), which are able to initiate thrombin generation [67] . In response to these deception signals from the cancer cells, the platelet, a tissue-repair commander, would be misled and become an accomplice of cancer progression, not only a carrier of transferred cancer cells but also a participant in the management, preparing suitable conditions for transfer. Janowska-Wieczorek et al. showed that P-EVs could stimulate MAPK in lung carcinoma cell lines to promote proliferation, and increase matrix metalloproteinases (MMPs) to promote invasion [68] . Labelle et al. discovered that platelet-cancer interactions, via platelet-derived TGF-β, lead to epithelial-mesenchymal-like transition (EMT) which is a cellular phenotype that allows cancer cells to colonize distant organs [69] .
Ironically, MAPK and cross-talk between TGF-β and YAP has proved to be important in tissue repair induced by P-EVs [58] . In fact, cancer has often been equated to a wound that never heals, hijacking the body's natural ability for its malignant proliferation. The platelet's natural role in wound healing is therefore poised to be hijacked by cancer cells ( Figure  2 ).
Conclusions and Future Directions
The observation of P-EVs has a long historical standing, but in-depth study was limited because of the poorly-developed techniques to study nano-sized vesicles. Along with technical progress in the study of EVs in general, P-EVs began to reveal their importance and attract the attention of more and more researchers.
PRP has long been known to be effective in promoting tissue repair but the underlying mechanism is still not fully understood. The discovery of P-EVs led to a more comprehensive and profound understanding. A recent study demonstrated that P-EVs had similar effects in wound healing to PRP [58] . It is likely that P-EVs might, in the near future, replace the use of PRP or become the next-generation PRP. Certainly, the analysis of P-EVs remains superficial. The function of carried RNA, which has a role in the functions of EVs, has not been sufficiently studied. For example, miR-126-3p, which is enriched in platelets [70] and is always involved in helping wound healing [71] , might be one of the effectors of P-EVs, but lack of study means this has not been confirmed.
The suppression of cargo protein levels of plasma P-EVs caused by aspirin consumption [72] might explain why aspirin has proved useful in inhibiting the progress of cancer [73] . However, aspirin has several side effects including increased risk of bleeding, heavy menses, increased nausea and vomiting [74] . Although tamoxifen was found to be more focused on angiogenesis and malignancy [75] , newly-designed drugs aimed at inhibiting the release of P-EVs caused by cancer cells, rather than the entire function of platelets, could have the prospect of broad application, because of the specific targeting of P-EVs related to tumor metastasis and the avoidance of influence on the coagulation function which results in several side effects. In addition, gene therapy to inhibit the uptake ability of P-EVs in cancer cells or the production and release ability of T-EVs which could recruit or regulate platelets, or immunotherapy targeting T-EVs to eliminate T-EVs in the blood circulation system, could also be potential future therapeutic approaches for the prevention of tumor metastasis.
The effects of P-EVs on tissue regeneration and cancer progression are inextricably linked. Not only are the underlying mechanisms in P-EV-induced tissue repair and cancer progression similar, but also if a cancer patient is accidentally injured, the safety of therapeutic usage of P-EVs may be compromised and should be given careful attention. The modification of exosomes has received extensive attention in both experiment and theory [76] [77] [78] . It is both possible and necessary to confer targeting abilities on P-EVs, which would promote tissue repair while having little influence on cancer progression, or enable targeted delivery of anti-cancer molecules without influencing tissue regeneration.
Despite the small size of P-EVs, they have numerous benefits including their ability to be released locally, their ease of travel through the body, their low immunogenicity, and the ease with which they can be obtained [58] . In addition it has been demonstrated that P-EVs participate in modulating signal transduction. In view of these findings, P-EVs might be not only a next-generation alternative to PRP but also a potential vehicle for the administration of drugs and other molecules, including mRNA, miRNA and lncRNA. They are likely to provide a better option than EVs derived from expensive stem cells or progenitor cells, to modulate cell activity in treating many disorders. However, to make P-EVs applicable and efficacious for treatment, their underlying functions still need to be better understood and the method of isolation still needs to be improved.
